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Abstract: Depositing thin and thick films by different coating technology units is the 
beauty of deposition technology, where every synthesis is for some chamber pressure. 
In hot-filaments reactor, in addition to different gases and their set flow rates, 
distribution of heat and photon energy into available mass is also there. At fixed input 
power, temperatures of the hot-filaments and substrate material are varied depending 
on the residence time of dissociating CH4 and H2 gases entering into the chamber. On 
dissociation of the gases, conversion rate of gaseous carbon into graphite and graphite 
into diamond atoms vary largely under the varying chamber pressure. Increase in the 
chamber pressure from 3.3 kPa to 14 kPa changes the morphology and structure of 
carbon films comprising tiny grains, grains and particles. The increase in chamber 
pressure upto 8.6 kPa increases the growth rate of a carbon film along with discernible 
features of grains and particles. For intermediate set chamber pressures, conversion of 
gaseous carbon atoms into diamond atoms was at high rate. At high set chamber 
pressures, gaseous carbon atoms converted into graphite atoms at high rate. However, 
film with low growth rate is deposited. At different chamber pressures, a different 
amount of typical energy is harvested near or at substrate surface, where collision rates 
of gases varied. At different chamber pressures, different amounts of dissociated atomic 
hydrogen etch photon energy into typical energy. Thus, this study sets new trends in the 
deposition of carbon-based materials while employing different technology units.  
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1.0 Introduction 
Several studies of carbon-based materials considered deposition as a function of the 
chamber pressure while processing in different vapor deposition systems. Some studies 
show the processing of process at low chamber pressure. In some studies, the 
employed conditions show high chamber pressure. Again, some studies show a range 
of different pressures, either in high range or in low range of pressures.  
Among the various techniques to synthesize carbon-based materials, hot-filaments 
chemical vapor deposition (HFCVD) is one of the significant techniques as discussed in 
the literature. It is simple and feasible to synthesize carbon films of different features [1-
11], where the modification of the system is also possible to synthesize composite 
materials [12-14]. Many studies discuss various aspects of synthesizing carbon films, 
their quality and growth rate [1-11]. Carbon composite materials possess unique 
applications; they synthesize without introducing major modification in the original 
HFCVD setup [12-14]. Morphology and structure of carbon films due to switching 
dynamics of carbon atoms under different conditions has been discussed [1]. It has also 
been pointed out that low growth rate of diamond film in HFCVD is the main drawback 
of the technique as compared to flame jet technique [15]. However, a uniform layer with 
thickness around 40 µm was deposited on 200 mm and 300 mm silicon wafers while 
employing HFCVD [16]. In all those studies and many others not cited here, different 
chamber pressures or a different range of chamber pressure was selected to synthesize 
different featured carbon-based materials. 
One of the key parameters in CVD diamond process is the system pressure as it 
regulates the overall features of a carbon film. However, only a few of the investigations 
have been reported about the effect of pressure while depositing diamond film. 
However, it has been reported in a number of studies that diamond film deposited at a 
low pressure contained more non-diamond components as compared to the one 
deposited at high pressure [17,18]. Kang et al. [18] deposited well-faceted diamond 
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cubes over silicon by keeping chamber pressure 0.13 kPa at nucleation stage and 
chamber pressure raised upto 2.7 kPa during growth period. Yu and Flodström [19] 
observed that at higher pressure, diamond {100} is the favourable growth surface, 
whereas at lower chamber pressure, diamond {111} is the favourable growth surface. 
Heimann et al. [20] studied the effect of pressure, deposition time and mean residence 
time while depositing diamond films in HFCVD, where appreciable amount of diamond 
was deposited at chamber pressure 4 kPa and 20 kPa but not at chamber pressure 0.8 
kPa and 40 kPa. The growth rate at chamber pressure 200 kPa was about four times 
higher than that at low pressure 50 kPa [21]. The residence time also controlled the 
growth rate substantially [21, 22]. The morphology with clear facets was obtained at 
chamber pressure 1.3 kPa and 2.7 kPa, whereas poor crystallinity was obtained at 
chamber pressure 0.7 kPa and 6.7 kPa when diamond film was deposited on cemented 
carbide inserts in HFCVD system [23]. Harris and Weiner [24] studied the pressure 
effect on the kinetics of diamond films grown by HFCVD system and reported that the 
relative growth rate increased with pressure between 1.2 and 2.7 kPa. Wan et al. [25] 
found theoretically that CVD diamond synthesis is restricted not only by the gas phase 
composition, but also by the temperature and pressure. 
In this study, for more appropriateness, hot-filaments chemical vapor deposition 
(HFCVD) is replaced by hot-filaments vapor deposition (HF-VD). This suggests that 
deposition of carbon atoms is through the application of hot-filaments involving both 
chemical and physical mechanisms. 
A careful insight embarks that chamber pressure to deposit carbon films at suitable 
substrates in HF-VD systems is a critical parameter, where there is incomplete essential 
information to explain the associated underlying science. Thus, a study of depositing 
carbon films at different chamber pressures is highly desirable. A varying chamber 
pressure can influence the growth rate along with content-specific growth (quality) of 
carbon films. Etching of photon energy into typical energy (at different rate) through 
dissociated hydrogen (under varying chamber pressure) is the cause of depositing 
carbon films (in various features of morphology and structure).  
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Different growth behaviors of carbon films were discussed in the literature studying 
the effect of chamber pressure to deposit diamond coating, in different HF-VD systems. 
Despite different opinions in their results [22, 26], it is anticipated that discussion based 
on the science of influencing chamber pressures to deposit carbon films markedly 
demands a comprehensive study exploring the underlying nucleation and growth 
behaviours. With this aim, the effects of chamber pressure in depositing carbon films 
are investigated. The rate of arriving typical energy near/at substrate surface influencing 
the gas collisions, quality of films and growth rate at varying chamber pressures has 
never been reported before. The change in growth process with regard to morphology 
and structure of carbon films is discussed presenting a new insight.  
 
2.0 Experimental Details 
The experiments were performed with a typical HF-VD system; a schematic diagram of 
chamber under different modifications is shown elsewhere [9, 10]. The hot-filaments of 
0.5 mm diameter tantalum wire were made which wound into 16 consecutive wires, 
where length of each filament was 13 cm. The distance between substrate and hot-
filaments was set ~7 mm. The inter-wire distance was set ~10 mm. In each experiment, 
fresh set of filaments was utilized. The base chamber pressure was around 3×10-3 Pa. It 
was maintained by turbo molecular pump. To drain the gaseous species and maintain 
deposition pressure for each set value, a vane pump-2 was used. The influence of 
chamber pressure from 3.3 kPa to 14 kPa was studied, where the total mass flow rate 
of gases in each experiment was 304.5 sccm. The flow rates of hydrogen and methane 
gases were controlled by two different mass flow controllers, where methane 
concentration for each experiment was 1.5%. The temperature of hot-filaments was 
maintained at nearly fixed input power (~3.3 kW). The current and voltage values for 
each experiment are given in Table 1. The approximate temperature of the substrates 
was recorded under the hotness of hot-filaments by setting the optical pyrometer and K-
type thermocouple at each chamber pressure. Rotational speed of substrate holder was 
set 5 rpm in each experiment.  
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Polished p-type (100) silicon substrates (area 2×2 cm2 and thickness 400 µm) were 
ultrasonically agitated. Prior to that, substrates were first mechanically scratched by 
suspension of 28 micron-sized diamond powder (mesh size ~30-40) and acetone for 5 
minutes. The samples were again scratched with suspension (5 microns sized diamond 
powder and acetone) for 10 minutes. This was followed by washing the samples with 
acetone to remove any debris of diamond particle left at the surface of substrates. 
Treated samples were placed on 2 cm thick molybdenum supported by 8.0 mm alumina 
boats resting on copper holder. Ten hours processing time was set in each experiment, 
where initial 13 minutes, on average basis, were taken to maintain the set chamber 
pressures as given in Table 1. The approximate volume of chamber was 2.9 cubic ft. 
Structural regularity of different carbon films was verified by employing X-rays scheme 
of thin film (GIA =0.5°) (XRD, Philips PW3710, CuKα). The surface topography and 
fractured cross-section was examined by field emission scanning microscopy (FE-SEM, 
JEOL Model: JSM-7000F). The deposited carbon films of different quality and growth 
rate were analyzed by micro-Raman spectroscopy (HR800 UV; 632.8 nm He-Ne Red 
Laser). 
 
Table 1: Different parameters of depositing carbon films at silicon substrates 
Chamber 
pressure (kPa) 
Filaments 
temperature (°C) 
Current (in amp)/ 
voltage (in volts) 
Substrate 
Temperature (°C) 
Gases concentration 
(sccm) 
3.3 2100 255/12 895 CH4: 4.5, H2: 300 
6.0 2050 255/14 880 CH4: 4.5, H2: 300 
7.3 2030 255/16 905 CH4: 4.5, H2: 300 
8.6 2030 255/14 925 CH4: 4.5, H2: 300 
11.3 1800 255/12 820 CH4: 4.5, H2: 300 
14.0 1765 255/12 795 CH4: 4.5, H2: 300 
 
3.0 Results and discussion 
The patterns related to structural regularity of carbon films synthesized at various 
chamber pressures are specified in Figure 1. Each pattern of carbon film recognizes the 
peaks at 2θ equal to 43.9°, 75.3°, 91.5° and 119.5°. Peaks corresponding to carbon 
atoms deposited in the form of tiny grains, grains and particles show their different 
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orientations known in planes (111), (220), (311) and (400) respectively. Apart from the 
peaks related to carbon atoms, pronounced silicon peak at 2θ ~56.1° also appeared. 
This is due to the interaction of source X-rays to substrate surface or introduced 
contamination of silicon atoms in growing film. In Figure 1, elimination of background 
silicon peak in patterns ‘b’ and ‘c’ indicates films deposited at chamber pressures 7.3 
kPa and 8.6 kPa are dense and homogenous in the investigated regions. Plane (400) is 
at the lowest intensity in each pattern of the film when compared to planes (111), (220) 
and (311).  
 
   
Figure 1: Structural regularities of carbon films deposited at different chamber pressures 
For high chamber pressures, both at 11.3 kPa and 14.0 kPa, main peak of carbon 
film is less intensive indicating the regularity of structure in terms of graphite content. 
Films possess low thickness and high porosity in which peaks related to (311) and (400) 
planes nearly diminished. The structural regularity in terms of diamond content is the 
highest in film synthesized at chamber pressure 8.6 kPa and lower to it in film 
synthesized at chamber pressure 7.3 kPa. The intensity of peaks related to planes (111) 
and (311) is the maximum for film deposited at chamber pressure 8.6 kPa indicating the 
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high diamond content. Structural regularity in terms of diamond growth is the lowest in 
film synthesized at chamber pressure 14.0 kPa and a bit higher to it in film synthesized 
at chamber pressure 11.3 kPa. At high set chamber pressures, carbon films show 
graphite-specific growth. Films might involve atoms of other carbon states. However, 
there is need to re-visit the underlying science of X-rays interactions versus 2θ in the 
analysis of all sorts of materials. 
Thickness of the film significantly increased at chamber pressure 8.6 kPa. However, 
the high peak from silicon atoms is distinguishable in the XRD pattern as shown in 
Figure 1 (d). Grains and crystallites of film might be remained disconnected at the 
nucleation stage. In the film, they grew in different pyramid shapes. Therefore, it can be 
anticipated that X-rays interacted to silicon substrate (by entering through left spaces in 
large pyramid-shaped crystallites). So, a peak from silicon atoms is also recorded in 
high intensity in the pattern. 
At the lowest chamber pressure, surface topography of carbon film shows its growth 
behavior in the form of tiny grain, grains and particles, throughout the surface, as shown 
in Figure 2 (a). Tiny grain, grains and particles got distributed randomly with no specific 
order. Most of the grains and particles show smooth faces. They do not undergone a 
controlled behavior of growth. Sharp edges within the crystallites do not indicate the 
same texture of faces. The symmetry developed in the order of their broken faces. To 
some extent, morphology of tiny grains, grains and particles developed in controlled 
behavior deposition of carbon atoms at chamber pressure 3.3 kPa. In case of fractured 
cross-section of film shown in Figure 2 (A), the growth behavior of tiny grains, grains, 
and particles is almost similar to their surface view. Some of the grains and particles 
involved surface of facets having broken symmetry at the upper side of interface close 
to border edge. Initially, many of the nucleated tiny grains did not continue their on-
going growth behavior. At the bottom edge of silicon surface, many tiny grains did not 
continue the growth behavior and new tiny grains started nucleating. At chamber 
pressure 6.0 kPa, dynamics of carbon atoms categorized to a greater extent in 
achieving controlled growth behavior of tiny grains, grains and particles. In Figure 2 (b), 
it is observed that growing morphology of tiny grains, grains and particles prior to the 
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end process deviated towards the cubic growth behavior. A cubic growth behavior was 
more evident in the fractured cross-sectional view of the film shown in Figure 2 (B), 
where growth rate was almost twice as compared to the film synthesized at chamber 
pressure 3.3 kPa. In Figure 2 (B), in the central region of fractured cross-section, a 
growth of very large-sized cluster comprising grains and particles is observed.  
The growth behavior of grains and particles is in the pyramid-shaped morphology 
when carbon films are synthesized due to intermediate set chamber pressures. Many of 
the grains and particles started to grow from the points of their nucleation in contact with 
the substrate surface. The grains and particles gained uniformity in growth behavior as 
shown in Figure 2 (c) which is more related to stability of temperature. The pyramid-
shaped grains and particles, nucleated at the start of process, developed morphology of 
their carbon film. They nucleated roots at the point of contact with silicon substrate, 
which is more evident in the fractured cross-sectional view shown in Figure 2 (C). It can 
be observed that temperature-dependent growth in the film deposited at chamber 
pressure 8.6 kPa is at a pronounced level, where growth behavior is more dominant for 
pyramid-shaped morphology of grains and particles. This is shown by surface 
topography image in Figure 2 (d). Again, the morphology of grains and particles growing 
from the substrate surface is more evident in fractured cross-sectional view of the film 
shown in Figure 2 (D). This morphological growing behavior is also evident in tilted 
position of image of the specimen as shown in Figure 2 (d). Large-sized grains and 
particles rooted from the bottom of film developing the morphology of film in different 
size of pyramids.  
At chamber pressure 11.3 kPa, the growth behavior deviated towards the round 
dome shape morphology of grains and particles. Most of the grains and particles were 
connected from their sides in the course of competition of growth. This results in the 
start of secondary nucleation. The tiny grains formed in the left vacant spaces of 
unevenly grown different-sized particles are shown in surface topography image of 
Figure 2 (e). This behavior is clearer in fractured cross-sectional view of the film as 
shown in Figure 2 (E). The thickness of the film synthesized at chamber pressure 11.3 
kPa decreased several times as compared to the film deposited at chamber pressure 
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8.6 kPa. The film thickness is even less than that of the film deposited at chamber 
pressure 3.3 kPa. Thickness is less than one micron as labelled in cross-sectional view 
shown in Figure 2 (E). The thickness of the film deposited at chamber pressure 14.0 
kPa is almost the same as in film deposited at chamber pressure 11.3 kPa which is 
shown in fractured cross-sectional view of Figure 2 (F). The topography of the film is 
more like a round dome shape, where grains and particles dispersed, which is 
categorized clearly in Figure 2 (f). 
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Figure 2: Surface morphology and fractured cross-sectional view of carbon films deposited at different 
chamber pressures: (a) 3.3 kPa, (b) 6.0 kPa, (c) 7.3 kPa, (d) 8.6 kPa, (e) 11.3 kPa and (f) 14.0 kPa 
Increasing the chamber pressure from 5.3 kPa to 39.5 kPa, substrate temperature 
reached to 1100°C, where morphology of film is changed as discussed elsewhere [20]. 
However, a basic mechanism in the change of this morphology is remained in illusion. 
The average crystal size of diamond coating was 0.3 µm, 2 µm and 1 µm at chamber 
pressures 0.3 kPa, 2.0 kPa and 5.0 kPa respectively, which was identified by Schwarz 
et al. [22]. Schwarz et al. [22] observed the pressure-dependent growth rate of diamond 
coatings at substrate temperature 850°C; the growth rate was maximum (0.7 µm/h) at 
chamber pressure 0.3 kPa and reached the minimum value (0.1 µm/h) at chamber 
pressure 2.0 kPa. On the other hand, at chamber pressure 5.0 kPa, it was 0.2 µm/h. 
Brunsteiner et al. [26] investigated the dependence of the growth rate on chamber 
pressure and found the maximum growth rate at chamber pressure 2.7 kPa. A bit slow 
growth rate was recorded at chamber pressure 0.7 kPa [26]. For low set chamber 
pressures, our results agree reasonably to those set chamber pressures (2.0 kPa to 5.0 
kPa) given elsewhere [22]. From chamber pressure 6.7 kPa to 67 kPa, the deposition 
rate decreased under the increasing gas pressure. At the highest value of chamber 
pressure, growth rate decreased below 0.05 µm/h [26]. However, in the present study, 
the highest growth rate (~0.4 µm/h) was obtained at chamber pressure 8.6 kPa which 
drastically decreased at chamber pressure 11.3 kPa and 14.0 kPa (~0.1 µm/h). The 
decreased growth rate at higher chamber pressure was possibly due to a massive 
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decrease in the diamond nucleation rate as suggested by Brunsteiner et al. [26]. 
Pressure dependence concentration of atomic hydrogen near the filament surface has 
been discussed by Schwarz et al. [22] and Schäfer et al. [27]. Brunsteiner et al. [26] 
investigated the dependence of the growth rate on chamber pressure and found the 
maximum growth rate of diamond film at chamber pressure 2.7 kPa and a slightly lower 
growth rate at chamber pressure 0.7 kPa. The results by Brunsteiner et al. [26] 
contradicted with growth rates of films found in the study of Schwarz et al. [22]. The 
growth rate and quality of diamond at atmospheric pressure (1059.1 kPa) was found to 
be better as compared to conventional pressure (5.0 kPa) [28]; it was due to a long 
residence time of the input gas. 
 
  
Figure 3: Raman spectra of carbon films at different set chamber pressures 
In Figure 3, the presence of Raman peak near wave number 1332.1 cm−1 
corresponds to diamond and small shift in the peak is due to the associated stress of 
the carbon film. The Raman line width varies with the mode of preparing diamond which 
has been related to the degree of structural order [29]. At wave number 1581 cm-1, an 
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additional peak originated. This is the G-peak of the highly oriented graphite phase 
(HOPG) which is found very often in CVD diamond coatings [30]. A small peak at wave 
number 1100 cm−1 in film deposited at chamber pressure 11.3 kPa and 14.0 kPa may 
be related to those carbon atoms which retained gas state because of being trapped in 
the empty regions. Empty regions were developed by the inter-connection of grains and 
particles in growing films at high set chamber pressures. According to morphology and 
structure of tiny grains, grains and particles, the recorded intensity of Raman signals is 
almost in their own shape. Morphology and structure of carbon films synthesized under 
different set chamber pressures remained sensitive to energy signals of laser beam as 
shown in Figure 3. Further detail is given elsewhere [1]. 
According to the kinetic theory of gases, the mean free path of the active species is 
inversely proportional to the pressure. As the chamber pressure increases, mean free 
path of active species also decreases. So, active species strike to substrate surface 
with lower energy. In case where atoms of graphite state are deposited, they have the 
probability to detach from the substrate at early stage of nucleation. This is because, 
some of them neither adhered to implanted atoms of seeding nor are trapped by the 
rough regions of substrate surface. When carbon atoms are in gas state, to deposit their 
graphite state or diamond state, they require to transfer filled state electrons to suitable 
unfilled states. Nucleation of carbon atoms at seeded surface of silicon substrate can be 
at favourable sites instead of being on the entire surface during the nucleation process. 
Hence, depositing carbon atoms at substrate surface with full coverage appears to be a 
grand challenge. In hot-filaments reactor, each process deals with a bit fluctuation at the 
time of start of process. This is mainly due to the circulation of water, entering of fresh 
gases, changing set position of filaments under increasing temperature, adjustment of 
inter-wire distance and distance with respect to substrate surface, etc. They, along with 
other factors, influence the nucleation process for any set chamber pressure [1]. 
On solving various mathematical equations, Lee et al. [17] predicted that 
concentration of active species first increases exponentially, then finally decreases with 
decreasing pressure. Thus, at higher pressure, the active species lose the gained 
energy due to different sorts of collisions. The fraction of only those carbon atoms 
14 
 
succeed to arrive at the substrate surface to nucleate tiny grains which survive in the 
events of various sorts of collisions. Again, a nucleation of tiny grain depends on the 
harvested typical energy near/at substrate surface. To maintain the same nucleation 
rate for different carbon films at each set chamber pressure is challenging in hot-
filaments reactor as the process takes time to reach its desired limit. A bit fluctuation in 
different process parameters can be examined to achieve their stability. Those carbon 
atoms which do not arrive at depositing surface either become the part of drain or 
remain the source of non-regular growth in tiny grains, grains or particles. In line with 
that, an appropriate pressure range is chosen in this study, where enhanced growth rate 
of depositing film along with influencing different factors to content-specific growth is 
achieved.  
At low set chamber pressures, the increase in the mean free path leads to partial 
control in dynamics of depositing carbon atoms. The carbon film deposited at chamber 
pressure 3.3 kPa shows mixed behaviour of nucleating tiny grains, so in growth of 
grains and particles also. However, since the production of active species is 
proportional to the pressure, their concentration eventually goes through a maximum 
level as the reactant pressure falls below a critical value [17]. As given in Table 1, under 
fixed input power, temperature of hot-filaments at high set chamber pressure was 
decreased, which also decreased the temperature of substrate. This leads to the 
enhancement of the rate of secondary nucleation, where the thickness of the deposited 
films reduced as shown in Figure 2 (E) and (F). In Figure 2 (D), thickness of carbon film 
deposited at chamber pressure 8.6 kPa is the highest. The dissociation of the molecular 
hydrogen into atomic hydrogen is initially increased by increasing chamber pressure to 
8.6 kPa, where more atoms of gaseous carbon convert into graphite atoms followed by 
diamond atoms. However, on increasing the chamber pressure to 11.3 kPa or 14.0 kPa, 
not only the dissociation rate of hydrogen was affected, but the rate of gas’ collisions 
also got enhanced. As a result, there was a decreased rate of conversion of gaseous 
carbon atoms into graphite atoms, so diamond atoms also. Hence, the growth rate 
decreased along with the deteriorating quality of diamond. Under commonly employed 
conditions of HFCVD process, the transportation of atomic hydrogen for growing 
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surface is a diffusion limited process [31]. Heimann et al. [20] observed that at very low 
(0.8 kPa) and high pressures (40 kPa), the non-diamond content in the films is high; 
however, it is low in the film synthesized at chamber pressure 20 kPa. Diamond 
coatings show good quality on reducing the secondary nucleation, where opening the 
range of pressure increases the option to deposit films at high and low growth rate [22]. 
Carrying out diamond crystallization in CVD process is a complex phenomenon [32]. 
Growth of diamond is a sliding scale between atomic hydrogen and hydrocarbon 
radical, where only different growth conditions serve to fix the film morphology along 
with growth rate [33]. Substrate temperature and pressure jointly influence the growth 
rate of diamond films [34]. 
At high set chamber pressures, carbon atoms frustrate under repeated behaviour of 
‘to be in gases’, so depositing rate in the state of graphite becomes low. Again, under 
low temperature of filaments and substrate, the probability to involve required rate of 
energy arriving near/at substrate surface also becomes lower. So, gaseous carbon 
atoms convert into graphite atoms at lower rate, where conversion rate of graphite 
atoms to diamond atoms becomes further low. Carbon atoms also undertake 
miscellaneous interactions and their attained dynamics can disturb the balance of 
particular content-specific growth. Different role of silver and gold atoms was discussed 
while synthesizing their tiny-shaped particles [35]. It has been pointed out that atomic 
behaviour in different elements is quite sensitive and their tiny-sized particles may show 
the adverse effects while using them for a certain nanomedicine application [36]. So, the 
nature of this sort of atomic behaviour can also be in the case of depositing carbon-
based materials. 
On splitting methane into carbon atoms and hydrogen atoms, and molecular 
hydrogen into atomic hydrogen, gaseous carbon atoms convert into graphite atoms 
followed by diamond atoms. Conversion of gaseous carbon atoms into graphite atoms 
requires a balanced behaviour of force to execute dynamics of their suitable electrons 
[37]. During the interaction of gases with hot-filaments, their dissociation under the 
thermal activation of hot-filaments into hydrogen and carbon atoms occurs. Thermal 
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activation of filaments provides a route to harvest typical energy converting gaseous 
carbon atoms into graphite and, then, graphite into diamond atoms.  
At high set chamber pressures, high numbers of photons are not fired in the 
chamber through the hot-filaments. Their typical energy is harvested from the etching of 
photon energy, which is carried out by atomic hydrogen. The production of atomic 
hydrogen is at lower rate in the course of high set chamber pressures. Thus, a 
conversion rate of gaseous carbon atoms into diamond atoms remained nearly the 
minimum. Here, a less amount of molecular hydrogen also split into atomic hydrogen. 
High set chamber pressures deal with dissipation of heat energy of hot-filaments 
instead of photon energy to a greater extent. Availability of junk heat disturbs the 
process of growing film. This way, it not only lowers the growth rate of film but also 
deteriorates the features of content-specific growth. 
Under increased chamber pressure, the entered gases resided for a greater period 
resulting in a decrease in the probability of gas atoms to convert into diamond state. So, 
temperature of the filaments and substrate is decreased. Those atoms of carbon which 
succeeded to be deposited in graphite state do not possess enough typical energy near 
substrate. So, they do not convert into diamond state. Carbon films at high set chamber 
pressures grow morphology of grains and particles in round dome shapes. However, 
the growth rate of film is low. Such carbon films get formed (or developed) due to higher 
number of graphite atoms. This trend is pronounced on increasing the chamber 
pressure further. However, at chamber pressures 7.3 kPa and 8.6 kPa, gaseous carbon 
atoms in large number are converted into diamond atoms resulting in the growth of 
faceted morphology of grains and particles. The films get deposited with their improved 
growth rate.  
At low set chamber pressure (3.3 kPa), attained dynamics of carbon atoms work 
differently. Only a few of the tiny grains indicated growth in which both substrate and 
filaments provided adequate level of energy. Content of diamond and graphite in carbon 
films deposited at different set chamber pressures along with their growth rate is drawn 
in estimation as shown in Figure 4; the maximum growth rate in case of diamond-
specific growth is observed when the chamber pressure was around 8.6 kPa. The 
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quality of diamond and graphite along with their growth rate at different chamber 
pressures (in Figure 4) may become different when a different schematic of the 
chamber of hot-filaments is chosen.  
 
 
Figure 4: Quality of diamond and graphite along with growth rate under varying chamber pressures 
The conversion of gaseous atoms into graphite atoms or diamond atoms is due to 
the change in position of electrons for certain unfilled states. A linking typical energy 
between two states enables transfer of electron attaining equilibrium state of graphite or 
diamond [37]; a gas carbon atom converts into different state under the different amount 
of typical energy. The amount of typical energy to form graphite structure of tiny grains, 
grains and particles at substrate surface is dominant within the range of high set 
chamber pressures, less dominant at low set chamber pressures and the least 
dominant at intermediate set chamber pressures. The high amount of typical energy 
shaped like parabola trajectory is engaged to grow structure of diamond in the form of 
tiny grains, grains and particles, which is dominant at intermediate set chamber 
pressures and very less dominant at high set chamber pressures. The rate of arriving 
typical energy to deal with diamond-specific growth increases on increasing the 
chamber pressure and decreases when further increasing the chamber pressure as 
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plotted in estimation in Figure 5 (plot in solid trajectory). However, the rate of arriving 
typical energy near/at substrate surface for graphite-specific growth in the film is in low 
amount which started at a bit high rate when the lowest chamber pressure was followed 
by a decrease in the range of intermediate set chamber pressures and finally 
exponential rise at high set chamber pressures as estimated in Figure 5 (plot in dotted 
trajectory). At the same chamber pressure, the rate of arriving typical energy near/at 
substrate surface can be altered when a different schematic of the HF-VD system is 
utilized.   
 
 
Figure 5: Pressure-dependent typical energy arriving near/at substrate surface for graphite-specific 
growth and diamond-specific growth along with the point of the maximum influence of gas collisions 
The collision rate of dissociated hydrogen varies for each residence time of gases 
under set chamber pressures resulting in introduction of typical energy at different rate. 
Influence of gas collisions in terms of arriving typical energy near/at substrate surface 
for forming (developing) graphite-specific growth of the film is more pronounced at high 
set chamber pressures and less pronounced at intermediate set chamber pressures. 
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for diamond-specific growth of the film is more pronounced at intermediate set chamber 
pressures as depicted in Figure 5.  
In our previous studies, given elsewhere [3,9], which were produced by the same 
HF-VD system as in case of present study, the role of atomic hydrogen remained crucial 
to determine content-specific growth (diamond or graphite) in carbon films. Mixing of 
small amount of CH4 into H2 resulted in lower quality of diamond-specific film [3]. A 
carbon film deposited at single substrate estimated higher diamond-specific growth (and 
lower graphite-specific growth), where the inter-wire distance was kept less and lower 
diamond-specific growth (and higher graphite-specific growth), where the inter-wire 
distance was kept more [9]. These studies validate that a suitable rate of gas collisions 
play a vital role in determining the content-specific growth of a carbon film. Therefore, 
locally engaged forces, while working to maintain their balanced exertion to transfer 
electrons of required state carbon atoms, are in synchronization to maintain typical 
energy required for the growth of tiny grains, grains and particles having graphite 
structure at high set chamber pressures. On the other hand, locally engaged forces, 
while working to maintain balanced exertion to transfer electrons of required state 
carbon atoms, are in synchronization to maintain typical energy required for the growth 
of tiny grains, grains and particles having diamond structure at intermediate set 
chamber pressures.  
As shown in Figure 2 (d), tilted scanned microscopic image shows pyramid-shaped 
morphology of large diamond crystallites. They protruded through the film having roots 
in the substrate surface where their nucleation and growth competed. This shows that, 
for each diamond crystal, a high rate of gaseous carbon atoms converted into diamond 
atoms. Therefore, that film is related to more diamond-specific growth. The growth 
behavior of grains and particles in Figure 2 (c) is identical to the one shown in Figure 2 
(d). However, they are less pronounced in Figure 2 (c). At chamber pressure 8.6 kPa, 
large crystallites grew at their single points by joining their different growing regions. 
They started growing from the square planes and, then, developed in pyramid shapes. 
So, such kind of their behavior discloses a stinging nature of diamond. Diamond growth 
is south to ground, which is related to tetra-electron ground to south topological 
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structure [37]. Different amount of arriving typical energy near/at substrate surface gives 
different morphology of tiny grains, grains and particles. A typical energy arriving near/at 
substrate surface to deposit tiny grains carbon films in microwave-based vapor 
deposition has been discussed [38]. 
A chamber pressure is not the only parameter influencing and defining entire 
behavior of content-specific growth of carbon films. Several parameters are involved. 
Some of those parameters are tabulated and discussed in this study. Different chamber 
pressures result in different substrate temperatures and filament temperatures. This 
paper explores the influences of different chamber pressures in the growth of carbon 
films and draws a comparison between their resultant morphology and structure; 
however, temperature of both filaments and substrates also varies at each set chamber 
pressure despite setting fixed input power. In conventional hot-filaments deposition 
process, it is difficult to measure the precise temperature. The published studies in the 
field also indicate the approx. value of temperature. Effects of deposition chamber 
pressure consider the temperature variation for a set chamber pressure. So, further 
studies are required to quantify the influence of chamber pressure on the morphology-
structure of carbon films. Again, different designs of chamber may lead to different 
influences of chamber pressure on the morphology-structure of carbon films. It is 
difficult to discuss all aspects involved in content-specific growth of carbon films under 
varying chamber pressure in one paper. More work is required to understand nucleation 
homogeneity and also the role of typical energy during the process of nucleation. 
However, the nature of typical energy arriving near/at substrate surface, on etching 
photon energy remains unchanged. Again, the basic mechanism of nucleating and 
growing morphology-structure of carbon films largely remains unchanged. 
 
4.0 Conclusion 
This study provides preliminary knowledge on nucleation and growth mechanism of 
carbon films at different chamber pressures. An amount of typical energy arriving 
near/at substrate surface varies in each set chamber pressure. A mixed growth 
behavior of grains and particles prevails at low set chamber pressures (3.3 kPa and 6.0 
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kPa). The morphology of grains and particles develops in pyramid shape at intermediate 
set chamber pressures (7.3 kPa and 8.6 kPa). Here, a large amount of typical energy is 
harvested by the etching of photon energy through dissociated atomic hydrogen. The 
morphology of grains and particles develops in round dome shape at high set chamber 
pressures (11.3 kPa and 14.0 kPa). Here, heat energy largely dissipates inside the 
chamber due to the increased corrosive behavior of hot-filaments. Typical energy 
arriving near/at substrate surface is in lower rate and gaseous carbon atoms mainly 
convert into graphite atoms. So, tiny grains, grains and particles of film are largely in 
graphite content.  
In high set chamber pressures, attained dynamics of carbon atoms remain favorable 
in repeating secondary nucleation, thus, mainly graphite atoms form tiny grains, grains 
and particles of a carbon film. Here, a low growth rate of the film is also observed. At 
intermediate set chamber pressures, typical energy required to convert gaseous carbon 
atoms (and graphite atoms) into diamond atoms remains high at the substrate surface. 
The grains and particles show discernible features of morphology and structure as their 
roots protrude mainly from the bottom of nucleating/depositing film. The increasing size 
of grains and particles increases the film’s thickness. At low set chamber pressures, the 
rate of conversion of gaseous carbon atoms into graphite atoms and diamond atoms 
remains almost the same. So, deposited film shows partially diamond-specific growth 
and partially graphite-specific growth. Morphology of the films deposited at different 
chamber pressure is sensitive to Raman signals giving information about the shape of 
grains and particles, so same is the case in case of their structure. 
Inside the chamber, heat and photon energy distribute in the available mass of 
gases. Their rates of distributions become different at different chamber pressure. 
Hydrogen atoms shape photon energy into typical energy having shape like a parabola 
trajectory, which works as a binding energy. Typical energy is utilized in electron 
transfer mechanism of gaseous carbon atoms, where atoms transform into graphite 
atoms and diamond atoms. The required amount of typical energy to change the rate of 
gaseous carbon atom into graphite and then diamond atom is related to the rate of 
dissociating atomic hydrogen. This conversion rate is quite favorable at intermediate set 
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chamber pressures. Here, grains and particles in film show a high purity in terms of 
diamond-specific growth. At chamber pressure 11.3 kPa and 14.0 kPa, gaseous carbon 
atoms mainly convert into graphite atoms indicating less amounts of arriving typical 
energy at substrate surface.  
The amounts of etched photon energy for typical energy at different chamber 
pressures become different for varying chamber pressures, so different collision rates of 
gaseous carbon atoms in gas activation processes occur. Thus, temperature inside the 
chamber is changed for each set chamber pressure. So, they (collision rate and 
temperature) alter the dynamics of atoms. Briefly, typical energy in the shape of curve 
like parabola trajectory arrives near substrate surface at lower rate when chamber 
pressure is high. Harvesting of typical energy is in high rate at intermediate set chamber 
pressures. It is in medium rate at low set chamber pressures. A minimum influence of 
gas collisions (and temperature) on harvesting typical energy is within the intermediate 
set chamber pressures, whereas it is the maximum in the high set chamber pressures. 
At different chamber pressures, a different time duration is required to attain the set 
value. This may influence the initially nucleating layer of carbon. So, a bit different time 
period for each set chamber pressure also needs to be investigated. Such chamber 
pressure dependent results of carbon films enable one to explore marvelous and 
cutting-edge technologies, and their usage in many significant applications. Our results 
provide an important insight and discuss the problem-based solutions towards pressure-
based deposition enabling one to develop advanced and important technological 
materials.  
There is a vast room to re-investigate carbon-based materials synthesized in hot-
filaments reactor and in other suitable techniques. New designs of the deposition 
reactors along with the study of different precursors help to achieve the resultant 
materials’ performance. Under the fixed chamber pressure, over the time, self-arching 
of the temperature and changing of filament conditions require many more studies. 
Relation of the collisions of gases at different processing conditions and rate of arriving 
typical energy near/at substrate surface require thorough investigations purely on fresh 
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grounds. To extend study of nucleation and growth of carbon-based materials, 
investigations of different parameters are also required. 
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